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Indian Standard 

SPECIFICATION FOR 

TITANIUM AND TITANIUM ALLOY STRIP, 

SHEET AND PLATE 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 26 September 1986, after the draft finalized by the Special Alloys 
Sectional Committee had been approved by the Structural and Metals 
Division Council. 

0.2 Titanium and its alloy possess high specific strength and excellent 
corrosion resistance and are being increasingly used in many chemical, 
aerospace and other industrial applications. 

0.3 Sheet, strip and plate are used as material for construction or are 
converted into components by various processing and fabrication techniques. 

0.4 This standard has been prepared as a guide for the consumers of 
titanium sheet, strip and plate for selection of an optimum grade of 
material required for the intended application. 

0.5 For the benefit of the purchaser, particulars to be specified while 
ordering for titanium alloy strip, sheet and plate, have been included in 
Appendix A. 

0.6 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated^ expressing 
the result of a test or analysis, shall be rounded off in accordance with 
IS : 2-1960*. The number of significant places retained in the rounded off 
value should be the same as that of the specified value in this standard. 



1. SCOPE 

1.1 This specification covers requirements for seven grades of annealed 
titanium and titanium alloy strip, sheet and plate as follows: 

a) Grade A — Unalloyed titanium 

b) Grade B — Unalloyed titanium 

c) Grade C — Unalloyed titanium 
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d) Grade D — Unalloyed titanium 

e) Grade E — Unalloyed titanium + palladium 

f) Grade F — Unalloyed titanium + palladium 

g) Grade G — Titanium alloy (6 percent aluminium +4 percent 

vanadium) 

2. TERMINOLOGY 

2.1 Strip — Any product 5 mm and less in thickness and less than 600 
mm in width. 

2.2 Sheet — Any product 50 mm and less in thickness and 600 mm or 
more in width. 

2.3 Plate — Any product over 50 mm in thickness and over 250 mm in 
width. 

3. SUPPLY OF MATERIAL 

3.1 Annealed strip, sheet or plate of titanium and titanium alloys may be 
supplied as descaled, sandblasted or as ground or both sandblasted 
and ground. The sheet, strip and plate shall be free of harmful external 
and internal defects which will adversely affect its suitability for the intended 
application. If shipped as hot rolled, descaled, sandblasted, or ground, 
the manufacturer shall be permitted to remove minor surface defects by 
spot grinding provided the thickness remains within the specified tolerance 
limits for the thickness ordered. 

4. CHEMICAL COMPOSITION 

4.1 The grades of titanium and titanium alloy metal covered by this 
specification shall conform to the chemical composition requirement 
prescribed in Table 1 . 

4.2 Permitted variations in product analysis shall be as per Table 2. How- 
ever, this does not broaden the specified heat analysis requirements but 
covers variation between laboratories in the measurement of chemical 
content. The manufacturers shall not ship material which is beyond the 
limits specified in Table 1 for the applicable grades. 

5. MECHANICAL PROPERTIES 

5.1 Mechanical properties of the material supplied under this specification 
shall conform to the requirements given in Table 3. 
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Element 



TABLE 1 CHEMICAL COMPOSITION 

(Clauses A- \ and 4-2 ) 

Percentage, Max 





Grade A 


Grade B 


Grade C 


Grade D 


Grade E 


Grade F 


Grade G 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Nitrogen 


003 


003 


005 


005 


003 


0-03 


005 


Carbon 


010 


010 


010 


010 


010 


0-10 


010 


*Hydrogen 


0015 


0015 


0015 


0-015 


0-015 


0015 


0015 


*Iron 


0-20 


0-30 


0-30 


0-50 


0-20 


0-30 


040 


Oxygen 


0-18 


0-25 


0-35 


0-40 


018 


0-25 


0-20 


Aluminium 


— 


— 


— 


— 


— 


— 


5-50 to 
6-75 


Vanadium 


— 


— 


— 


— 


— - 


— 


3 5 to 
4-5 


Palladium 


' — 


— 


— 


— 


0-12 to 
0-25 


012 to 
0-25 


— 


fResiduai 


0-1 


01 


01 


01 


01 


01 


01 


elements ( each ) 














tResidual 


0-4 


0-4 


0-4 


0-4 


0-4 


0-4 


0-4 


elements 
















( total ) 
















JTitanium 


Rema- 


Rema- 


Rema- 


Rema- 


Rema- 


Rema- 


Rema- 




inder 


inder 


inder 


inder 


inder 


inder 


inder 



♦Lower values may be obtained by negotiation with the manufacturer. 
tNeed not be reported as residual elements present in metal or an alloy in small 
quantities are inherent to the manufacturing process and are not added intentionally. 
JThe percentage of titanium is determined by difference. 





TABLE 2 PERMISSIBLE 


VARIATIONS IN PRODUCT ANALYSIS 




( Clause 4-2 ) 




Element 


Product Analysis 


Permissible Variation 




Limits, Max or 


IN Product 




Range 


Analysis 


(1) 


(2) 


(3) 




Percent 


Percent 


Nitrogen 


005 


+0-005 


Carbon 


010 


-j-002 


Hydrogen 


0-02 


-f0002 


Iron 


0-50 


+005 


Oxygen 


Up to 0-30 


+0-03 


Oxygen 


Above 0-30 Up to 040 


i004 


Aluminium 


4-0 to 6-75 


±0-40 


Vanadium 


3-5 to 4-5 


±015 


Palladium 


012 to 0-25 


+ 002 


Other elements ( each ] 


1 0-1 


±002 
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TABLE 3 


TENSILE AND BEND REQUIREMENTS 










{Clauses 5-i and 5-3 ) 






Grade 


Tensile* 


YrELD Strength* 


Elongation 


Bend TESTt 




ShTRFMnTM* 


{ 0-2 Percent 
Offset ) 


iTM Sn mm 


«. 




Milt 


Min, 


Under 


Li) to : 






f ~ 


A 


Percent 


2-0 mm in 


SUmnrra 






Min 


Max 




Thickness 


Thickness 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




MPa 


MPa 


MPa 


Percent 






A 


240 


170 


310 


24 


3 T 


4 r 


B 


345 


275 


450 


20 


4 r 


5 T 


C 


450 


380 


550 


18 


4 T 


5 T 


D 


550 


485 


665 


15 


5 T 


6 T 


E 


240 


170 


310 


24 


3 T 


4 T 


F 


345 


275 


450 


20 


4 T 


5 T 


G 


895 


830 


-— 


lot 


9 T 


10 T 



♦Minimum and maximum limits apply to tests taken in both longitudinal and 
transverse durations to the direction of rolling; mechanical properties for conditions other 
than annealed or plate thickness over 25 mm may be established by agreement between 
the manufacturer and the purchaser. 

tr equals the thickness of the bend test specimen. Bend tests are not applicable to 
material over 500 mm in thickness. 

$For grade G, the elongation on material less than 0-65 mm in thickness may be 
obtained only by negotiation. 



5.2 Tensile properties are determined on specimens machined and tested 
in accordance with IS : 1608-1972* and IS : 1663-19721. Tensile properties 
shall be determined using a strain rate of 0-003 to 0-007 mm/mm/min 
through the specified yield strength and then increasing the rate so as to 
produce failure in approximately one additional minute. 

5.3 For determining the angle of bend in sheets and strips, the testing 
shall conform to IS : 1692-1974J. During bend test, the sheet and strip 
specimen shall not exhibit cracks when bent through an angle of 105 
degrees at room temperature. The bend shall be made on a mandrel of 
diameter equal to that shown in Table 3 for the applicable grade. Supple- 
mentary requirement as given in Appendix B shall apply only with the 
prior agreement between the purchaser and the manufacturer. 



•Method for tensile testing of sheet products (first revision ). 

tMethod for tensile testing of steel sheet and strip df thickness 0-5 mm to 30 mm 
(first revision ). 

tMethod for simple bend-testing of steel sheet and strip less than 3 mm thick 
(first revision ). 
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6. PERMISSIBLE DIMENSIONAL TOLERANCES 

6.1 Dimensional tolerances on titanium and titanium alloy sheet, strip and 
plate covered by this specification shall conform to the values given in 
Tables 4 to 12. 



TABLE 4 PERMISSIBLE VARIATIONS IN THICKNESS OF 
TITANIUM SHEET 

All dimensions in millimetres. 
Specified TmCKNESS 

(1) 

3-71 to 5'00 
3-31 to 3-70 
2 91 to 3-30 
2-51 to 2-90 
2-11 to 2-50 
1-81 to 210 
1-51 to 1*80 
101 to 1-50 
0-71 to 1-00 
0-41 to 0-70 
0-21 to 0-40 
0-15 to 0-20 
Up to 0-14 



TABLE 5 PERMISSIBLE VARIATION IN WIDTH OF TITANIUM SHEET 

All dimensions in millimetres. 

SPECffiED Width for Thickness Permissible Variation in 

Under 5*00 Width 

(1) (2) 

600 to less than 1 200 + 200 

- 
1 200 and over + 400 

-0 



Permissible Variations 


IN Thickness 


(2) 


±0-35 


±0-30 


±0-25 


±0-23 


±0-20 


±0-18 


±0-15 


±0-13 


±010 


±008 


±005 


±0-04 


±003 
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TABLE 6 PERMISSIBLE VARIATION IN LENGTH OF TITANIUM SHEET 

(Clause 6.1 ) 
All dimensions in millimetres. 



Specified Length 

(1) 
Up to 3 000 

Over 3000 up to 6000 



Permissible Variation 
IN Length 

(2) 

+ 100 
-0 

+ 150 
-0 





TABLE 7 PERMISSIBLE VARIATIONS IN WIDTH OF TITANIUM STRIP 






( Clause 6.1 ) 




All dimensions in millimetres. 


Specified Thickness 


Permissible Variations in Thickness for Width 


(1) 


Over 5-0 
Up to 

15-0 In- 
cluded 

(2) 


Over 150 Over 300 Over 500 
Up to Up to Up to 
300 In- 500 In- 600 In- 
cluded eluded eluded 
(3) (4) (5) 


Up to 1-75 

1-76 to 2-50 

2-51 to 4-00 

401 to less than 5-00 


±0-15 
±0-20 
±0-25 
± 0-40 


d= 0-15 ± 0-40 ± 0-50 
± 0-25 ± 0-40 ± 0-50 
± 0-40 ± 0-50 ± 0-50 
± 0-50 ± 0-80 dL 0-80 





TABLE 8 PERMISSIBLE VARIATIONS IN LENGTH OF TITANIUM STRIP 

( Clause 6.1 ) 
All dimensions in millimetres. 
Specified Length Permissible Variations in Length 

(1) (2) 



Up to 1 500 

Over 1 500 up to 3 000 

Over 3 000 up to 6 000 



+ 10-0 
- 
+ 12-5 
-0 

+ 150 
-0 
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TABLE 9 PERMISSIBLE VARIATIONS IN THICKNESS OF 
TITANIUM STRIPS 

( Clause 6.1 ) 

An dimensions in millimetres. 



Specified 


Fermissibi 


.E Variations 


; IN Thickness 


1 FOR Width ( see 


NOTEl) 


Thickness 






A. 






Overs 


Over 75 


Over 150 


Over 300 


Over 400 




Up to 75 


Up to 150 


Up to 300 


Up to 400 


Up to 600 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


4-01 to 5-00 


±0-08 


±0-10 


±0-10 


±0-13 


±0-16 


2-51 to 4-00 


±0-05 


±0-08 


±0-10 


±0-10 


±013 


1-26 to 2-50 


±0-05 


±0-08 


± 0-08 


± 0-10 


±010 


0-91 to 1-25 


±0-05 


±0-06 


±0-08 


±0-08 


±-010 


0-76 to 0-90 


±0-04 


±0-05 


±0-06 


±0-06 


±008 


0-51 to 0-75 


±0-03 


±0-04 


±0-05 


±0-05 


±008 


0-31 to 0-50 


±0-03 


±0-03 


±0-04 


±0-05 


± 0-06 


0-25 to 0-30 


±0-03 


±0-03 


±0-03 


±0-04 


±004 



Note 1 — Thickness measurements are taken at 10 mm from the edge of the 
strip except for strips with widths less than 25 mm in which case the tolerances given 
are applicable for measurements at all locations. 

Note 2 — For specified thickness under 0-25 mm for strips of width up to 400 
mm, a tolerance of ±10 percent of the thickness shall apply. In widths over 400 and 
up to 600 mm, a tolerance of ±15 percent of the thickness shall apply. 



TABLE 10 PERMISSIBLE VARIATIONS IN WIDTH AND LENGTH OF 
TITANIUM PLATE 

( Clause 6.1 ) 

All dimensions in millimetres. 

Sl Specified Specified Permissible Variations Over Specified 

No. Length Width Dimensions for Thickness 



Less Than 150 15-0 and Above* 

_> . , ,Aw^ . __ 



Width Length Width Length 

(1) (2) (3) (4) (5) (6) 

1. 2000, Max 1000, Max +10 +15 +12-5 +20 

-0 -0 —0 -0 

2. Over 2000 1 000, Max +15 +15 +150 +25 

upto3000 -0 -0 -0 -0 

♦Rectangular plates over 25-0 mm in thickness are not commonly sheared and are 
machined or produced in the size as rolled uncropped. 
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TABLE 11 PERMISSIBLE VARIATION FROM FLAT SURFACE FOR 
TITANIUM PLATES ( ANNEALED ) 

{Clause 6.1) 

All dimensions in millimetres. 



SlNo. 



Thickness 



WroTH 



Length* 









2 000, Max 


2 000 to 3 000 


(1) 


(2) 


(3) 


(4) 


(5) 


i) 


Less than 15-0 mm 


1000, Max 


15 


20 


ii) 


15-0 mm and over 


1 000, Max 


12 


18 



♦permissible variation for length 1 000 or under at an arbitrary position. 



TABLE 12 PERMISSIBLE VARIATIONS IN WEIGHT OF TITANIUM PLATE 

( Clauses 6.1 and 7.3 ) 
All dimensions in millimetres. 



Permissible Excess in Average Weight of Lois* 
Percentagb of Nominal Weight 

(2) 

10-5 
90 
7-5 
70 
60 
5-5 
4-5 
4-0 
40 



Specified Thickness 

(1) 

50 to less than 6*5 

6-5 to less than 7*5 

7-5 to less than 10-0 
100 to less than 110 
110 to less than 12-5 
12-5 to less than 150 
150 to less than 200 
200 to less than 25*0 
25 '0 and over 

Note 1 — The maximum variation permitted in the specified thickness is 0-3 mm. 

Note 2 — The maximum variation in weight for individual plates is 1 i^ 
times the amounts given above. 

Note 3 — The overweight for circular and sketch plates is 25 percent greater 
than the amounts given above. 

*The term lot means all the plates of each tahiJiar\5dd!LlLaiLdthifiki3fiss.igLaiLt3. 
represented in each shipment. 
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7. PERMISSIBLE VARIATIONS IN WEIGHT OF TITANIUM SHEET, 
STRIP AND PLATE 

7.1 The actual weight of any one item of an ordered thickness and size in 
any finish is limited in ove/weight by the following tolerance: 

7.1.1 Any item of five sheets or less, or any item estimated to weigh 
100 kg or less, may actually weigh as much as 10 percent over the estimated 
weight. 

7.1.2 Any item of more than five sheets and estimated to weigh more 
than 100 kg may actually weigh as much as 7| percent over the estimated 
weight. 

7.1.3 There is no undertolerance in weight for titanium sheets, under- 
tolerance being restricted by the permissible thickness variations. 

7.1.4 Only random ( or mill size ) sheets may be ordered on a square metre 
basis, and the number of square metre shipped may exceed the number 
ordered by as much as 5 percent. 

7.2 The actual shipping weight of any one item of an ordered thickness 
and width in any finish may exceed the estimated weight by as much as 
10 percent. 

7.3 Premissible variations in weight of Titanium plates for widths up to 
100 mm shall be as given in Table 12. 

8. SAMPLING FOR CHEMICAL ANALYSIS 

8.1 The sample for chemical analysis shall be taken at random from each 
batch of each thickness of sheets or strips or plates produced from the 
same ingot subjected to the same heat treatment. However, the composi- 
tion other than hydrogen may be represented by values obtained by the 
chemical analysis of the ingot. Since titanium has great affinity towards 
atmospheric gases like oxygen, nitrogen and hydrogen, utmost care must 
be exercised during the preparation and storage of samples. The samples 
must be taken from the clean portion of metal using clean and sharp tools 
and stored in suitable containers. 

9. METHODS OF CHEMICAL ANALYSIS 

9.1 The methods of analysis used shall be in accordance with published 
standard methods as agreed upon by the manufacturer and the purchaser. 

11 
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10. REJECTION 

10.1 Material not conforming to this specification or to authorized modi- 
fications shall be subject to rejection. Method of disposal of rejected 
material shall be as agreed upon by the manufacturer and the purchaser. 

11. TEST REPORTS 

11.1 The manufacturer shall certify that the material supplied has been 
inspected and tested as per this specification and supply a copy of test 
report showing that the product meets the specified chemical, mechanical 
and dimensional requirements for the appropriate grade. 

12. PACKING 

12.1 The material purchased under this specification may be packed for 
shipment either by boxing, crating, single boarding, burlapping, or any 
other method as agreed upon by the manufacturer and the purchaser. 

13. MARKING 

13.1 Each product coil or package of the sheet and strip shall be marked 
by suitable means with the following particulars, some of which may be 
omitted subject to agreement between the purchaser and the manufacturer. 

a) Name or trade-mark of the manufacturer; 

b) Grade, heat number, finishing process; and 

c) Nominal thickness in mm. 

13.1.1 The material may also be marked with the Standard Mark. 

Note — The use of the Standard Mark is governed by the provisions of the Bureau 
of Indian Standards Act 1986 and the Rules and Regulations made thereunder. The 
Standard Mark on products covered by an Indian Standard conveys the assurance that 
they have been produced to comply with the requirements of that standard under a 
well defined system of inspection, testing and quality control which is devised and 
supervised by BIS and operated by the producer. Standard marked products are also 
continuously checked by BIS for conformity that standard as a further safeguard. 
Details of conditions under which a licence for the use of the Standard Mark 
may be granted to manufacturers or producers, may be obtained from the Bureau 
of Indian Standards. 

13.1.2 Details of marking for identification are given in Appendix C. 

12 
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APPENDIX A 

( Clause 0.5 ) 
PARTICULARS TC5 BE SPECIFIED WHILE ORDERING 

A-1. BASIS OF PURCHASE 

A-1.1 Orders for materials under this specification sliali include the follow- 
ing information as applicable. 

a) Grade number ( 1.1 ), 

b) Product limitation ( 2 ), 

c) Special mechanical properties ( Table 3 ), 

d) Marking ( 13 ), 

e) Finish ( 3 ), 

f) Packing ( 12 ), 

g) Required test reports ( 11 ), and 

h) Disposal of rejected material ( 10 ). 



APPENDIX B 

( Clause 5.3 ) 

SUPPLEMENTARY REQUIREMENT FOR BEND TEST 

B-1. The purpose of this test is to measure the cleanliness or ductility or 
both of the metal surface. 

B-2. Two guided or free-bend tests of sheet or plate material limited to 
Grades A, B and C shall be made. Each of these bends will place opposite 
surfaces of the sheet or plate material in tension. 

B-3. The bends are to be made according to relevant Indian Standards 
except that the welds m^entioned in these standards are not required. The 
bend specimen may be of less than full material thickness; however, the 
outer surface of the specimen must be representative of the product as 
supplied, 

13 
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B-4. The bend radius shall be such as to provide minimum elongation of 
outer fibre of the bend specimen as follows: 

a) Grade A — 20 percent equivalent to 2 r bend radius at 180 deg 
bend, 

b) Grade B — 20 percent equivalent to 2 T bend radius at 1 80 deg 
bend, and 

c) Grade C — 16 percent equivalent to 2 J Tbend redius at 180 deg 
bend. 

B-5. Criteria for acceptance shall be the absence of any cracks or surface 
separations ( not originating at the edge of the specimen ). 



APPENDIX C 

( Clause 13.1.2) 

MARKING FOR IDENTIFICATION 

C-1. Unless otherwise specified, each plate, sheet and strip shall be marked 
in the respective location indicated below, with the number of this speci- 
fication, heat number, manufacturer's identification, and the nominal 
thickness in mm. The characters shall be not less than 10 mm in height. 
They shall be applied using a suitable marking fluid which shall be capable 
of being removed with an alkaline clearing solution without rubbing. The 
markings shall have no deleterious effect on the material or its performance. 
The characters shall be suflBciently stable to withstand ordinary handling. 

C-2. Plate, flat sheet, and flat strip over 50 mm in width shall be marked 
in lengthwise rows of characters recurring at intervals not greater than 75 
mm, the rows being spaced not more than 40 mm apart and alternately 
staggered. Heat numbers shall occur at least 3 times across the width of 
the sheet and at intervals not greater than 600 mm along the length. 

C-3. Flat strip 150 mm and less in width shall be marked near one end. 

C-4. Coiled sheet and strip shall be marked near the outside end of the 
coil. 
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